ONE of the main difficulties in assessing the results of any surgical procedure is the provision of a directly comparable series of patients on whom it has not been employed. Nowhere is this more evident than in trying to determine the value of embolectomy in the management of peripheral arterial emboli. The problem of comparing the results of conservative and operative management is considerable, due to the fact that conservative treatment is employed in poor risk patients in whom surgery of any kind is inadvisable and also in those patients whose ilimbs are recovering spontaneously when they are first seen.
Peripheral arterial embolism is a grave condition. This is evidenced by the fact that in most published series of cases the mortality rate is in excess of 40 per cent whether embolectomy has been employed or not. It has even been suggested that in some series where surgical intervention was extensively employed, the mortality rate was higher than if conservative management alone was used. However, we feel this does not necessarily mean that surgery should not be advised. Although the overalil results are poor in terms of mortality and loss of limb attributable to the natural history of the disease, a worthwhile result can be achieved in a minority of patients whose limb would not otherwise be restored to normal function. Tihe problem of selection of those patients who are likely to benefit from embolectomy is difficult if not impossible. It is therefore inevitable that the procedure will be employed in a number of instances where the eventual outcome is fatal.
Historical Review
The pathology of embolism was first described by Virchow in 1854. It was not until half a century later, however, that surgical relief of the condition was attempted.
The first successful embolectomy in this country was performed by Jefferson (1925) (1956) and Shumacker and Jacobson (1957) considered a more aggressive approach was indicated on the grounds that although some limbs might recover spontaneously, there was a considerable incidence of disability due to minor but nevertheless chronic ischemia. Others disagreed, including Metcalfe (1960) who found a 35 per cent mortality associated with conservative management alone.
Surgeons would now agree that somewhere between these two extremes lies the most desirable course. The problem of accurate selection, however, remains.
Pathology
Whereas the most common clinical problem associated with arterial embolism is concerned with occlusion of the vessels of the lower limb, the cerebral and visceral vessels and those of the upper extremity may also be affected. In these latter situations therapeutic considerations will be modified by several additionail factors. First, the location may be inaccessible as in the case of the cerebral vessels. Secondly, there may be no collateral circulation as in the case of the abdominal viscera, and irreversible changes may rapidly supervene. On the other hand, embolic occlusion of the vessels of the upper extremity is attended with a high rate of spontaneous recovery due to the ready response of the collateral circulation.
The source of arterial emboli is usually the left side of the heart, although the causative condition is not always apparent or demonstrable. Many of the patients seen have some cardiac irregularity such as atrial fibrillation. As one would expect the commonest associated condition is mitral valve disease. Next in frequency is arteriosclerotic heart disease, particularly in those patients who show clinical or other evidence of myocardial ischemia. Occasionally the source of emboli is not clear, and instances have been reported of emboli arising from the wall of the aorta itself, especially in the presence of an aortic aneurysm or gross atherosclerosis. In approximately 10 per cent of cases, no cause can be found. Some of these, however, may well originate as a mural thrombus secondary to a "silent" myocardiall infarct.
While most embolic occlusions are clinically manifest as instances of acute or subacute ischaemia, symptomless emboli do occur. The mechanism here is difficult to explain. It may be that because of narrowing of the vessel by pre-existent disease the collateral circulation has already been partially developed.
Emboli tend to become lodged or impacted at arterial bifurcations. This is due to the fact that when an artery divides its branches are correspondingly reduced in size. The common sites of impaction then in the lower extremity are the bifurcations of the aorta, the common femoral and popliteal arteries; of these the common femoral is the most frequently seen. In the case of the upper limb the distal brachial artery will be the usual location, although an embolus may also become lodged more proximally. An embolus usually produces complete occlusion of an artery or arteries or at least does so promptly when aided by spasm and the formation of a secondary clot. Occasionally, however, a partial occlusion is found which will allow the passage of some blood distally. As well as occluding a main artery and its bifurcation, several smaller but nevertheless important vessels which might form collaterals may also be occluded, where they arise close to a bifurcation. It must also be remembered that multiple small emboli in the presence of severe spasm may simulate a complete more proximal occlusion.
Following the occlusion, complete cessation of blood flow occurs distally and this favours thrombosis. Some clotting may also occur proximally but this is of less importance from a technical point of view. Spasm affecting the main vessel and vessels forming potential collaterals may also be present and is presumably mediated by local nervous reflexes. Thus a clinical picture of acute ischmemia may be produced. The onset of irreversible tissue changes will depend on the readiness or otherwise of the collaterals to develop. The onset of distal thrombosis and the rate at which it progresses may also limit the extent to which the collateral circulation can develop. However, no definite time interval can be placed on this sequence of events, one can only attempt to assess it clinically.
One further important point should be mentioned, namely the presence of pre-existing arterial disease. Whereas in normal vessels emboli tend to become impacted at bifurcations in the case of vessels previously narrowed by arterial disease this is not necessarily so. In such cases the location of the embolus may be a point of narrowing in the artery, at for example, an atheromatous plaque. This feature is of considerable importance, for it may mean that as some collateral circulation is already present, the impact of sudden occlusion may not be so dramatic.
When a considerable volume of ischemic tissue has been present for some time, restoration of blood flow to the part may liberate the many harmful products of anerobic metabolism. This, in turn, may give rise to kidney damage and a condition simulating the crush syndrome. Other metabolic and homeostatic problems may also be callled into play in certain circumstances. It is possible that such factors may play a part in the alleged increased mortality following embolectomy.
Diagnosis
In most cases an accurate diagnosis of embolic occlusion of a major limb vessel can be made on the mode of onset and the clinical examination. The presence of a pulseless, painful, cold and anxesthetic limb in which the skin is often white or mottled in colour is unmistakable. Frequently motor activity is absent or at least reduced. Whereas most of these physical signs are usually present in any one case, pain is not necessarily so. In fact, some patients may assert that they have no pain, but that the limb feels "dead" or limp. The absence of pulsation, coldness and sensory loss of stocking distribution are the most reliable signs. Occasionalily sensory loss is equivocal. Finalily, the presence of an irregular pulse with or without other evidence of heart disease will be strong confirmatory evidence. Although emboli are frequently mu,ltiple, this cannot be forecast and so should not constitute an objection to surgery. The main contraindications, in our opinion, are as follows: An extremely ill patient who would not tolerate an operation in any form; marked signs of clinical improvement within eight hours of the incident, and the presence of definite and irreversible tissue damage.
When mitral stenosis is associated with a peripheral embolus, the possibility of correcting the cardiac cause of the embolus must be considered. Opinion is divided as to whether the cardiac operation should be undertaken at the same time as the embolectomy, or delayed until the earliest favourable occasion. 
Femoral Embolectomy
Regarding the technique of common femoral embolectomy there is little to be added to the well known general principles. Removal of th.e distal clot is again the main consideration. We have found a moderately firm polythene catheter very useful for this purpose. This is advanced down the superficial femoral artery and when in position strong suction is applied. It is then slowly withdrawn. If retrograde flow is not satisfactory after removal of the embolus and its secondary clot, then exploration of the popliteal artery is imperative. This is most readily done by a longitudinal incision one hand's breadth behind the medial border of the patella. It is helpful to have the patient's pelvis tilted to the same side and the hip and knee partially flexed. The popliteal space is entered in front of and deep to the sartorius muscle. Further downward exposure can be readily attained by dividing the muscles attached to the medial aspect of the upper end of the tibia and the medial head of gastrocnemius. Provided these muscles are carefully repaired later we have not seen any disability. The popliteal artery can then be exposed down to its bifurcation with ease. From this vantage point the anterior and posterior tibial arteries can be explored with the catheter as previously described and any further clot removed. We do not routinely anticoagulate these patients, and the heparin administered locally is small in amount. 
